Background: Coix seed has the functions of fortifying the spleen and inhibiting the dampness. However, it remains unclear which Coix seed compositions is responsible for these functions. Previous investigations have revealed that the main compositions of Coix seed are proteins, polysaccharides, oils and starches. The objectives of this study are to explore which is the most effective compositions in fortifying the spleen and examine how Coix seed works in regulating the water transport on the spleen deficiency and wet dampness (SDWD) rat model.
Introduction
Spleen deficiency and wet dampness ZHENG (SDWD) is one of the major syndromes of traditional Chinese medicine (TCM) (Han et al., 2015) . It is due to the improper diet, over fatigue, dysfunction of spleen and stomach and disorder of water transport. Clinically SDWD ZHENG is frequently treated with fortifying the spleen and inhibiting the dampness methods (Yang et al., 2016) , among which Coix seed is one of the commonly-used drug (You-Ming et al., 2011).
Microarray-based gene expression analysis can be used to diagnose ZHENG, it also helps to explain the molecular mechanism of ZHENG and evaluate the drug effect in terms of changes of mRNA level (Liu et al., 2014) . It has been applied to explain the nature of ZHENG and provide certain scientific evidence for ZHENG in TCM (Liu et al., 2016) .
This study establishes SDWD rat model by high fat diet and exhaustive swimming. The model has been approved by National Patent Office (No.ZL201410072183. 8) . The model rats demonstrate obvious symptoms such as slow action and gastrointestinal dysfunction, which are consistent with the clinical manifestations of SDWD ZHENG (Cui et al., 2016 , Jie et al., 2015 .
Coix seed (Coixlacroyma-jobi L. var. ma-yuenStapf, adlay), used both as both as food and drug in TCM, has the function of fortifying the spleen and inhibiting the dampness. However, the effective component and the mechanism in fortifying the spleen and inhibiting the dampness remains obscure. In this study we establishes SDWD rat model to find the effective component of Coix seed and to clarify its mechanism. Han et al., 2015) . 10 rats in the control group had freedom of movement and received no intervention.
Materials and Methods

Animal model preparation
Coix seed components
The components such as proteins, polysaccharides, oils and starches were extracted individually from Coix seed, according to the methods in our previous reports Cui et al., 2014; Wu et al., 2015) .
Administration mode and dosage
All the model rats were divided into six groups randomly based on their weight and gender. Drug was administered by gavage once a day for 14 days, 1 mL / 100 g.
Detection index
After 2 weeks' treatment, the urine volume and the drinking volume were observed for 24 hours. Body mass was recorded 0h, 1h, 2h, 4h, and 6h after intraperitoneal injection with normal saline(10% of body weight). Then the water loading index was calculated following the method described by Saito and Pedersen (Pedersen et al., 2003 , Saito et al., 2001 ). The higher the water loading index was, the worse the water transport activity of the body was.
At the end of the experiment, 3 rats in each group were randomly selected for execution. Jejunum tissues from each rat were dissected and the total RNA was extracted for mixture in equal ratio. The mixed samples were subjected to microarray-based gene expression analysis (Agilent Rat Gene Expression Version 6.5, 8*60K, Shanghai Quanmai Biological Technology Co., Ltd., Design ID: 028279). The criteria for screening differentially expressed mRNA was Fold Change>2 (FC>2). Geneontology (GO) was performed for differential mRNA according to the enrichment analysis by EMBL -EBI (http://www.ebi.ac.uk/services). The differential mRNAs related to transport activity in molecular function of GO terms were analyzed.
Quantitative real-time PCR (qRT-PCR)
qRT-PCR was used to validate the mRNA microarray. Total RNA was reverse-transcribed to cDNA with a reverse transcription kit (PrimerScript RT reagent Kit, Takara, USA). GAPDH was used as a reference. mRNA expression was detected by real-time PCR instrument (ABI, USA, 9700HT real-time system).
ΔΔ Ct was calculated for relative quantification of mRNA expression.
Statistical Analysis
The urine volume, the drinking volume, and the water loading index were expressed as mean±SD. One-way analysis of variance (ANOVA) and least significant difference (LSD-t) were used to compare the difference between groups. All the data were analyzed by IBM SPSS21.0 software. P<0.05 was accepted as statistical significance.
Differential mRNA related to transporter activity in molecular function was screened out from 7 groups. SIMCA-P 11.0 software was app lied in the principal co mpo nent analysis (P CA). T he criteria for d etermining the numb er o f pr incip al co mp o nents (P C) was cumulative co ntrib utio n rate >80 %.
Results
Covariance analysis of the urine volume in each group
The drinking volume affected the urine volume. After the influence of drinking was excluded, the urine volume in model group was lower than that of the control group (P<0.01); the urine volume in the treatment groups was higher than that of the model group, especially that of the protein group (P<0.05). ( Figure 1 . Covariance analyses of drinking volume and urine volume in each group. The difference of the drinking volume was significant among groups (P<0.05); the urine volume decreased significantly in the model group (P<0.01); the urine volume increased significantly in the treatment groups (P<0.05).
Comparison of the water loading index in the treatment groups
The water loading index of model group (0.58) was higher than that of the control group (P<0.01). 
PCA analysis of differential mRNA related to transport activity
The model group and the control group could be clearly distinguished in the 3D chart. Bi-plot analysis showed: (1) There were three principal components (contribution rate of PC1, PC2, PC3=61.7%, 15.3%, 13%); (2) The decoction group, the protein group and the polysaccharide group could improve the transport activity mRNA expression significantly, while the oil group had little effect ( Figure 3 ). The analysis of the normalized coefficient of PC1-3 showed that Fabp6, Slc51a, Slc51b, Slc11a2, Slc4a10 and AQP3 were the top six genes ( Table 2, Table 3 ). 
qRT-PCR Detection
qRT-PCR was used to validate the accuracy of mRNA microarrays. AQP3 and AQP8 were selected randomly. Spearman Rho correlation analysis showed that there was a significant correlation between mRNA microarrays and qRT-PCR (r= 0.956, Sig = 0.000) (Figure 4 ). 
Discussion
Spleen deficiency and wet dampness (SDWD) ZHENG is one of the major syndromes of TCM, of which excessive fatigue and high fatty diet are main causes (Lim et al., 2015) . SDWD can lead to the imbalance of gastrointestinal functions, edema and diarrhea, etc. , Han et al., 2015 , which is frequently treated with fortifying the spleen and inhibiting the dampness clinically (Dai et al., 2016) .
Coix seed is frequently used to treat diseases related to SDWD in TCM (Huang et al., 2014 . However, the effective components of fortifying the spleen and inhibiting the dampness are not clear. In previous study four components have been extracted from Coix seed. The results show the water load index in all treatment groups decreases and the urine volume increases, which indicates that the active components of Coix seed can regulate the water transport of SDWD rats, among which the components of proteins and polysaccharides play the major role.
Microarray-based gene expression analysis is widely used in the study of TCM. It has already been applied in the study of clinical diseases (Khraiwesh et al., 2015) . It detects the whole genome of the objects, which may provide possible therapeutic effect and clarify the mechanism. A lot of researches had been done in ZHENG fields with mRNA microarrays technology (Sun et al., 2016) . Fang et al. found the relationship between neuroendocrine-immune and different ZHENG in tumor-bearing mice (Fang et al., 2010) . mRNA microarrays is a good choice for us to explore the nature of SDWD.
The results show that SDWD model rats have higher expression of Abcb1b, Fabp6, Aqp7, Aqp3, Fabp4, Slc26a3, Slc13a5, Slc51b, Slc51a gene and lower expression of Slc4a1, Slc2a2, Slc5a1, Slc23a2, Slc26a2, Slc4a7, Slc5a4, Slc11a1 gene, which is consistent with Ying's research results (Ying et al., 2016) . The genes are closely A B related to water transport, which is the mechanism of SDWD water accumulation. WK Adams also believes that longterm diet disorders cause the body's water and salt metabolism deficiency (Adams et al., 2015) . Our previous studies find that the expression of Slc and AQP abnormally in SDWD rats and the expression of Apoa5 and Apoe improves , which indicates that there is abnormal water transport in model rats.
After treatment with the components of Coix seed, the rat models show improvement of SDWD ZHENG. Principal component analysis shows that the loading of differential mRNA of the protein group and the polysaccharide group was closer to that of the decoction group, and the loading of the oil group was closer to the model group. It suggests that the components of proteins and polysaccharides play a more significant role in normalizing the mRNA expression of SDWD model rats. The most significant gene is Fabp6, Slc51a, Slc51b, Slc11a2, Slc4a10 and AQP3 respectively, which indicates that the components of proteins and polysaccharides play an important role in regulating water transport via the Slc gene and AQP gene family.
It is note-worthy that the result of mRNA microarrays are not entirely consistent with the results of water loading index, which shows that the components of oils and starches may have other ways in fortifying the spleen and inhibiting the dampness, which is worthy of further study.
Conclusion
The results from the present study demonstrate that components of Coix seed have excellent effect in treating SDWD by fortifying the spleen and inhibiting the dampness. The components of proteins and polysaccharides play an important role in regulating water transport, the components of oils and starches may play a part in other way.
